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5 BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to a method and an 
10 apparatus that make it easy to extract channels from 
time-division-multiplexed light signals. 

DESCRIPTION OF THE RELATED ART 

15 The time -division multiplexing is known as a 

technique to increase the transmission capacity in 
signal transfer systems. As a method that defines the 
hierarchical structure of multiplexed signals for each 
transmission rate, the synchronous digital hierarchy 

20 (SDH) method is well known. Electric signals are 
multiplexed with a prescribed structure, and the 
multiplexed signals that have gone through 
optoelectronic conversion are transmitted over optical 
fiber. 

25 In the prior art method for extracting the 

channels multiplexed in the time-division multiplexed 
signals, the overhead of the electric signal is used. 
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In other words, the signal channels of the time- 
division-multiplexing (TDM) also use the overhead 
defined by the electric signal format employed in SDH. 
Specifically, optical TDM signals are demultiplexed 
5 into those of bit rates at which optoelectronic 
conversion is possible to do, and then the light 
signals in all channels are converted into electric 
signals. Then the obtained electric signals in the 
channels are read out , and their overhead data is 

10 interpreted to extract individual channels . 

On the transmitting side, the signals in time- 
division-multiplexed channels are multiplexed by a 
low-speed frame signal that is controlled to shift the 
phase of each channel, while on the receiving side the 

15 channels are identified from the separated low- speed 
frame signal (for example, Japanese Patent Application 
Laid-open No. 2002-77091). 

However, according to the prior art technique, 
since electric signals are examined after the light 

20 signals are separated into those of bit rates that can 
be handled by optoelectronic conversion and then 
converted into electric signals, the system scale 
grows and the system structure becomes complex. 

Meanwhile, there are some methods that extract 

25 channels without demultiplexing time-division- 
multiplexed light signals (for example, Japanese 
Patent Application Laid-open Nos . 7-99484 (1995), 
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United State Patent No. 5610911). On the transmitting 
side, such information that can extract the channels 
is incorporated in a predetermined channel upon signal 
multiplexing. On the receiving side, the position of 
5 the predetermined channel on the time axis is detected, 
and the rest channels are identified from relative 
time differences from the reference time position. 
This technique, however, has a problem that one 
channel is occupied for the process of channel 

10 extraction and the transmission rate decreases. 

On the other hand, there is another technique to 
extract channels by overlapping each channel with a 
low- frequency signal of which frequency is unique to 
each channel (for example, Japanese Patent Application 

15 Laid-open No. 10-173634 (1998), United States Patent 
6178022). This technique, however, has a problem that 
the system scale becomes large because it needs a 
circuit that generates different low- frequency signals 
for each channel. 

20 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
a method and an apparatus for channel extraction of 
25 optical time-division-multiplexed signal that decide 
one-to-one relations between the port numbers of the 
optical time -division-demultiplexing unit and the 
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channel numbers and thereby make it easy to extract 
the channels . 

To attain this goal, the invention provides a 
time-division-multiplexed light signal channel 
5 extraction method that separates the multiplexed 

signals into as many as N channels and extracts the 
channel numbers in order to provide the demultiplexed 
signals to the output ports of which port numbers 
match with the channel numbers. This method comprises 

10 a demultiplexing step of demultiplexing the 

multiplexed signals into N channels and providing the 
demultiplexed signals to as many as N separate ports, 
an extraction step of extracting the channel number of 
at least one channel in the N channels corresponding 

15 to said N separate ports, a switching step of 

switching the N channels to the output ports of which 
port numbers uniquely match with the numbers of the N 
channels based on the relationship between the number 
of the one channel identified in the extraction step 

20 and the output port number corresponding to said one 
channel number, and an output step of providing the 
signals of said switched N channels to the output 
ports of which output port numbers match with the 
channel numbers . 

25 According to this method, the multiplexed light 

signals are separated into N channels and the channel 
sequence over the time axis is uniquely converted into 
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the channel sequence over the wavelength axis to 
provide output to as many as N separate ports. Thus if 
one of the N channels is identified , all the N 
channels can be switched to the output ports at a time 
5 of which port numbers uniquely match with the channel 
numbers. Then it becomes easy to extract the channels, 
and the system can be downsized. 

As another aspect of the invention, it may 
control the signals of said N channels provided to the 

10 separate ports so that the N channel numbers uniquely 
match with the output port numbers based on the 
relationship between the number of the one channel 
identified in the extraction step and the output port 
number corresponding to the one channel number. 

15 As another aspect of the invention, it may have a 

demultiplexing step of demultiplexing the irregular- 
intervals time-division-multiplexed light signals, of 
which channel intervals on the time axis are not 
regular, into N channels and providing the 

20 demultiplexed signals to as many as N separate ports 
of the same intervals as those of the channels . The 
demultiplexing step provides the signals to all the N 
separate ports when the numbers of the N channels 
match with the numbers of the output ports . This 

25 method comprises a control step of monitoring the 

signal output to the output ports and controlling the 
signals of said N channels provided to the separate 
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ports so that all the N separate ports receive signal 
output . 

The above and other objects, effects, features 
and advantages of the present invention will become 
5 more apparent from the following description of 
embodiments thereof taken in conjunction with the 
accompanying drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 

FIG.l is a block diagram illustrating an optical 
time-division-multiplexed channel extraction apparatus 
of a first embodiment of the invention; 

FIG.2A is a block diagram illustrating an optical 
15 time-division-multiplexed channel extraction apparatus 
of a second embodiment of the invention; 

FIG.2B is a block diagram illustrating the 
results of channel extraction using the optical time- 
division-multiplexed channel extraction apparatus of 
20 the second embodiment; 

FIG.3A is a block diagram illustrating an optical 
time -division -multiplexed channel extraction apparatus 
of a third embodiment of the invention; 

FIG.3B is a block diagram illustrating the 
25 results of channel extraction using the optical time- 
division-multiplexed channel extraction apparatus of 
the third embodiment ; 
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FIG. 4 is a block diagram illustrating a first 
example of the optical time -division -demultiplexing 
unit; 

FIG. 5 shows an output spectrum from the 
5 semiconductor optical amplifier of the first example 
of the optical time-division-demultiplexing unit; 

FIG. 6 is a block diagram illustrating a second 
example of the optical time-division-demultiplexing 
unit ; 

10 FIG. 7 shows an output spectrum from the optical 

fiber of the first example of the optical time- 
division-demultiplexing unit ; 

FIG. 8 is a block diagram illustrating a third 
example of the optical time -division-demultiplexing 

15 unit ; 

FIG. 9 is a diagram illustrating the relations 
between the multiplexed signals provided to the cross- 
correlation signal generator of the third example and 
the gate light pulse train; 
20 FIG. 10 is a circuit diagram of the third example 

of the optical time -division- demultiplexing unit; 

FIG. 11 is a block diagram of a fourth example of 
the optical time -division -demultiplexing unit; 

FIG. 12 is a diagram illustrating the relations 
25 between the multiplexed signals provided to the cross- 
correlation signal generator of the fourth example and 
the gate light pulse train; 
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FIG. 13 is a circuit diagram of the fourth example 
of the optical time-division-demultiplexing unit; 

FIG. 14 is a block diagram of a fifth example of 
the optical time-division-demultiplexing unit; 
5 FIG. 15 is a diagram illustrating the relations 

between the multiplexed signals provided to the cross - 
correlation signal generator of the fifth example and 
the gate light pulse train; 

FIG. 16 is a circuit diagram of the fifth example 
10 of the optical time-division-demultiplexing unit; 

FIG. 17 is a block diagram illustrating the 
irregular- intervals optical time -division -multiplexed 
signal generator; 

FIG. 18 is a timing chart illustrating the time- 
15 division-multiplexing in the irregular- intervals 

optical time-division-multiplexed signal generator ; 

FIG. 19 is a block diagram of a sixth example of 
the optical time-division-demultiplexing unit; and 

FIG. 20 is a diagram illustrating the relations 
20 between the multiplexed signals provided to the cross- 
correlation signal generator of the sixth example and 
the gate light pulse train. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

25 

Now the embodiments of the present invention will 
be described in detail with reference to the 
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accompanying drawings . 

(First embodiment ) 

FIG.l is a block diagram illustrating an optical 
5 time-division-multiplexed channel extraction apparatus 
of a first embodiment of the invention. This channel 
extraction apparatus comprises an optical time- 
division-demultiplexing unit 101 that separates the 
time-division-multiplexed light signals into as many 

10 as N channels, a channel extraction unit 102 that 

extracts the channel number of each channel, a channel 
switch 103 that switches the channels to ports 
corresponding to 1-N channel numbers, and a data 
output unit 104 equipped with as many as N output 

15 ports of 1-N port numbers. 

The channel extraction unit 102 of the first 
embodiment only identifies the channel of separate 
port-1 of the optical time -division-demultiplexing 
unit 101. The port used for channel extraction may be 

20 one or more ports other than port-1, or may be two or 
more ports including port-1. 

Optical time-division-multiplexing signals 
demultiplexed by the optical time-division- 
demultiplexing unit 101 are provided to ports 1-N and 

25 they are sent to the corresponding ports in the 

channel extraction unit 102. The channel extraction 
unit 102 identifies, for example, the channel of port- 
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1, by wavelength detection or interpretation of the 
header of light -to-electric converted signal. The 
channel number for the signal provided from port-1 in 
FIG.l is 3. Based on the channel numbers identified by 
5 the channel extraction unit 102, the channel switch 
103 switches the signal from port-1 to output port-3 
of the data output unit 104. 

When channel 3 is assigned to port-1 of the 
optical time-division-demultiplexing unit 101, the 

10 other ports are uniquely related to individual 

channels on a one-to-one basis. Namely, ports 2, 3..., 
N-2, N-l, N of the optical time-division- 
demultiplexing unit 101 are related to output ports 4, 
5..., N, 1, 2 of the data output unit 104. Then all 

15 the channels are identified by recognizing one channel. 
Other methods for relating the ports of the optical 
time-division-demultiplexing unit 101 and the data 
output unit 104 will be described later. 

20 ( Second embodiment ) 

FIG.2A is a block diagram illustrating an optical 
time -division -multiplexed channel extraction apparatus 
of a second embodiment of the invention. This channel 
extraction apparatus comprises an optical time- 

25 division-demultiplexing unit 201 that separates the 
multiplexed signals into as many as N channels, a 
channel extraction unit 202 that extracts the channel 
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number of each channel, a data output unit 204 that 
has as many as N output ports of 1-N port numbers, and 
a channel controller 205 that controls the signal 
demultiplexing sequence in the optical time-division- 
5 demultiplexing unit 201 based on the channel 

extraction result provided by the channel extraction 
unit 202. 

The channel extraction unit 202 of the second 
embodiment only identifies the channel of port-1 of 

10 the optical time-division-demultiplexing unit 201. The 
port used for channel extraction may be one or more 
ports other than port-1, or may be two or more ports 
including port-1. 

Multiplexed signals demultiplexed by the optical 

15 time-division-demultiplexing unit 201 are provided to 
ports 1-N and they are sent to the corresponding ports 
in the channel extraction unit 202. The channel 
extraction unit 202 identifies, for example, the 
channel of port-1, by wavelength detection or 

20 interpretation of the header of light-to-electric 
converted signal. The channel number for the signal 
provided from port-1 in FIG.2A is 3. Based on the 
channel numbers identified by the channel extraction 
unit 202, the channel controller 205 controls the 

25 signal demultiplexing sequence in the optical time- 
division- demultiplexing unit 201 so that the signal 
from port-1 is sent to output port -3 of the data 
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output unit 204. Since channel number 3 is assigned to 
port-1, the signal demultiplexing sequence is shifted 
by two channels (two bits). FIG.2B shows the results 
of this shifting. 
5 When channel 3 is assigned to port-1 of the 

optical time-division-demultiplexing unit 201, the 
other ports are also related to individual channels on 
a one-to-one basis. Namely, ports 2, 3..., N-2, N-l, N 
of the optical time-division-demultiplexing unit 101 

10 are related to output ports 4, 5..., N, 1, 2 of the 

data output unit 204. In other words, all the channels 
have been identified by recognizing one channel. Other 
methods for relating the ports of the optical time- 
division-demultiplexing unit 201 and the data output 

15 unit 204 will be described later. 

(Third embodiment) 

FIG.3A is a block diagram illustrating an optical 
time-division-multiplexed channel extraction apparatus 

20 of a third embodiment of the invention. This channel 
extraction apparatus comprises an optical time- 
division-demultiplexing unit 301 that separates the 
multiplexed signals sent from an irregular- intervals 
optical time-division-multiplexed signal generator 306 

25 into as many as N channels, a data output unit 304 

that has as many as N output ports numbered 1-N, and a 
channel controller 305 that controls the signal 
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demultiplexing sequence in the optical time-division- 
demultiplexing unit 301. 

The irregular-intervals optical time-division- 
multiplexing signal generator 306 conducts signal 
5 multiplexing so that the bit intervals between the N 
channels, namely, time intervals between channels are 
not the same. Specifically, with the interval between 
channel 1 and channel 2 being At 1# that between 
channel 2 and channel 2 At 2 , that between channel 3 

10 and channel 4 At 3 , and that between channel N-l and 

channel N At N . 1# at least one bit interval is different 
from the others. The irregular- intervals optical time- 
division-multiplexing signal generator 306 will be 
described again later. 

15 In the optical time-division-demultiplexing unit 

301, the bit intervals corresponding to the N channels 
are determined to match with the irregular intervals 
of the multiplexed signals. Thus, if as many as N 
channel numbers match with the output port numbers , 

20 all the ports provide output signals at the same time. 
On the other hand, if they do not match with each 
other, at least one port does not provide output 
signal. The channel controller 305 monitors the 
presence/absence of signal output in the data output 

25 unit 304, and controls the port-channel relations in 
the optical time-division-demultiplexing unit 301 so 
that all the ports provide output signals. Other 
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controlling operations will be described later. 

As demonstrated in FIG.3A, when at least one port 
of the N ports of the optical time-division- 
demultiplexing unit 301 does not provide output signal # 
5 the channel controller 305 shifts the channel 

demultiplexing sequence one by one in the optical 
time-division-demultiplexing unit 301. Then, it 
monitors the output from the output ports of the data 
output unit 30 4 again, and as shown in FIG.3B, it 
10 repeat the sequence shifting until all the output 
ports provide output. In this way, the numbers of 
output ports of the data output unit are matched with 
the channel numbers . 

15 (First example of the optical time-division- 
demultiplexing unit ) 

FIG. 4 is a block diagram illustrating a first 
example of the optical time-division-demultiplexing 
unit. This is an example adopting four wave 

20 mixing (FWM) using a semiconductors optical amplifier 

as the optical time-division-demultiplexing method, in 
which optical signals of 160Gbit/s are divided into 
20Gbit/s x 8 channels. The optical time-division- 
demultiplexing unit comprises an optical coupler 401 

25 that couples multiplexed signals of 160Gbit/ s and 

20GHz chirp pulse train, a semiconductor amplifier 402 
that amplifies the coupled signals, and a wavelength 



filter 403 that separates the signals into individual 
channels. 

The semiconductor amplifier 402 provides FWM 
light of different wavelengths to individual channels, 
5 utilizing the FWM effect working between the 

multiplexed signals and chirp light pulses. FIG. 5 
shows an output spectrum of the semiconductor 
amplifier 402. The wavelength filter 403 can provide 
light signals for all the channels to the separate 
10 ports at a time by demultiplexing the converted FWM 
light into corresponding channels . Instead of the 
semiconductor amplifier 402 , an optical fiber can be 
used. 

15 (Second example of the optical time-division- 
demultiplexing unit) 

FIG. 6 is a block diagram illustrating a second 
example of the optical time-division-demultiplexing 
unit. This is an example using the cross-phase 

20 modulation (XPM) in optical fiber, in which optical 
signals of 160Gbit/s are divided into 20Gbit/s x 8 
channels. The optical time-division-demultiplexing 
unit comprises an optical coupler 401 that couples 
multiplexed signals of 160Gbit/s and 20GHz chirped 

25 pulse train, an optical fiber 404, and a wavelength 
filter 403 that separates the signals into individual 
channels . 
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In the optical fiber 404, the overlap of 
multiplexed signals and chirped pulses on the time 
axis is replaced by the XPM effect with the peak in 
the spectrum of the chirped pulses for each channel. 
5 FIG. 7 shows the output from the optical fiber 404. The 
wavelength filter 403 provides the optical signals of 
individual channels to corresponding output ports by- 
demultiplexing the optical signals converted into 
different spectrum elements of chirped pulses. 

10 The first and second examples may be used in the 

optical time-division-demultiplexing units of the 
first, second and third embodiments. The channels are 
identified, for example, based on channel wavelengths 
at the wavelength filter output. The control at the 

15 channel controller can be implemented by controlling 
the timing for coupling the chirped pulses and 
multiplexed signals . 

In the first and second examples, because the 
time-division-multiplexed channels are converted into 

20 wavelength-division-multiplexed channels, the sequence 
of time-division-multiplexed channels is converted as 
it is into the order of wavelength in the wavelength- 
division-multiplexed channels. Either ascending or 
descending order is decided by the sign of chirped 

25 pulses. Then the relationship between time-division- 
multiplexed channels, namely their order, is decided 
uniquely. If the timing of coupling the multiplexed 
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signals and chirped pulses is varied, the channel 
order with respect to the port number changes 
accordingly. In this way, the channel order can be 
uniquely decided. 
5 In the case of the irregular- intervals 

multiplexed signal of the third embodiment, the 
converted wavelength intervals become irregular. If 
the wavelength filter is designed so that all channels 
can be separated by wavelength only when multiplexed 

10 signals and chirped pulses are coupled at a certain 

timing, then no output is provided from the wavelength 
filter when the coupling is made at a timing different 
from the given one and the channel number does not 
match with the port number. In this manner, the 

15 presence/absence of output in the ports can be used 
for channel control. 

(Third example of the optical time-division- 
demultiplexing unit) 

20 FIG. 8 is a block diagram illustrating a third 

example of the optical time-division-demultiplexing 
unit; this is an example of a batch-type multi-output 
signal demultiplexing method. At a predetermined 
synchronized timing, the multiplexed signals 

25 (frequency f s , bit rate N-f Q ) in which the light 

signals of N channels are multiplexed over time, and 
gate light pulse train (frequency f g ) of a repetition 
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frequency f G are provided to splitters 601, 602. 

The time-division-multiplexed light signals are 
branched into N channels by a optical time-division- 
demultiplexing unit 601, and then provided to couplers 
5 604-1 to 604-N via delay circuits 603-1 to 603-N that 
delay signals by At between signal bits. Meanwhile, 
the gate pulses are branched into N channels by a 
splitter 602 and provided to couplers 604-1 to 604-N. 
The couplers 604-1 to 604-N combine the multiplexed 

10 signals and gate pulses and provide them to cross- 
correlation signal generators 605-1 to 605-N. 

FIG. 9 is a diagram illustrating the relations 
between the multiplexed signals and the gate light 
pulse train provided to the cross -correlation signal 

15 generators 605-1 to 605-N. Because the multiplexed 

signals are shifted by one bit (At), the light signal 
of channel 1 and a gate light pulse are overlapped in 
the cross-correlation signal generator 605-1; the 
light signal of channel 2 and a gate light pulse are 

20 overlapped in the cross-correlation signal generator 
605-2, and the same in the rest channels. As a result, 
the cross -correlation signal generators 605-1 to 605-N 
provide correlated signals for the individual channels . 
The correlated signals of the channels are separated 

25 by optical filters 606-1 to 606-N at a time. In this 
way, the multiplexed signals of N channels can be 
separated at a time. 
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If a four-wave-mixing (FWM) semiconductor 
amplifier is used as the cross-correlation signal 
generator 605, the cross -correlation signal is 
composed four light waves of a multiplexed signal and 
5 the gate light pulse. The optical filter 606 separates 
light frequency f=2f g -f s or f=2f s -f g . If the cross-gain 
modulation (XGM) function of a semiconductor optical 
amplifier is used in the cross -correlation signal 
generator 605, the cross-correlation signal has the 
10 same frequency as the multiplexed light signal, and 

the optical filter 606 separates the wave of frequency 
f=f s . 

Semiconductor amplifiers occasionally pose a 
problem of pattern effects when cross -correlation 

15 signals are generated by four-wave mixing or cross- 
gain modulation* In such case, the carrier life is 
shortened in the semiconductor amplifier and pattern 
effects are reduced by adding assist light (CW light) 
to the multiplexed light signal or gate light pulse 

20 train before providing them to the optical amplifier. 

If the cross absorption modulation (XAM) function 
of an electric field absorption type optical amplifier 
is used in the cross -correlation signal generator 605, 
since the cross -correlation signal and the multiplexed 

25 light signal have the same frequency, the optical 

filter 606 separates the light wave of frequency f=f s . 
Meanwhile, if the sum frequency generation (SFG) 
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effect of a secondary nonlinear optical material is 
used in the cross -correlation signal generator 605 , 
the cross-correlation signal becomes light of a 
frequency which is the sum of the multiplexed signal 
5 and gate light pulse, and the optical filter 606 

separates the light wave of a frequency f=f s +f g . Such 
secondary nonlinear optical materials include LiNb0 3 , 
AANP and KTP . 

If the differential frequency generation (DFG) 

10 effect of a secondary nonlinear optical material is 
used in the cross -correlation signal generator 605 , 
the cross-correlation signal becomes light of a 
frequency which is the difference between the 
multiplexed signal and gate light pulse, and the 

15 optical filter 606 separates the light wave of a 

frequency f=|f s -f g |. Such secondary nonlinear optical 
materials include LiNb0 3 , AANP and KTP. 

FIG .10 shows the circuit diagram of the third 
example of the optical time-division-demultiplexing 

20 unit. This optical time-division-demultiplexing unit 

separates the 160Gbit/s multiplexed light signals into 
20Gbit/s x 8 channels, with a multiplexing degree N=8. 
The optical time-division-demultiplexing unit 101(201) 
comprises splitters 701, 702, waveguides 707, 708 

25 equivalent to light delay circuits, couplers 704, 

cross-correlation signal generators 705 and filters 
706, all integrated on a substrate 700. 
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The function of the delay circuits 603-1 to 603-8 
shown in FIG. 8 is realized in this example by changing 
the light path length of each of the waveguides 707-1 
to 707-8 to which the splitter 701 and the couplers 
5 704-1 to 704-8 are connected. The path lengths of the 
waveguides 708-1 to 708-8 to which the splitter 702 
and couplers 704-1 to 704-8 are connected are set 
equal to each other. Then the timing to combine the 
gate light pulse and time-division multiplexed light 

10 signal is determined with high precision. 

In this example, delay interval is incremented by 
At in the order from 707-1 to 707-8 in the waveguides. 
Although the path length of the waveguide 707-1 
differs from that of 708-1, the signal input timing is 

15 controlled so that the light signal of channel 1 and 
the gate light pulse overlap each other on the time 
axis in the cross -correlation signal generator 705-1. 
As a result , the light signals and gate pulses of 
channels 2-8 are overlapped on the time axis in the 

20 cross-correlation signal generator 705-2 to 705-8. 

(Fourth example of the optical time-division- 
demultiplexing unit ) 

FIG. 11 shows a fourth example of the optical 
25 time-division-demultiplexing unit, demonstrating an 
example of the batch-type multi-output signal 
demultiplexing method. The multiplexed light 
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signals (of a frequency f s ) of a bit rate N*f Q in which 
N channels of light signals are multiplexed over time 
are branched into N channels by a splitter 601 and 
then provided to couplers 604-1 to 604-N. Meanwhile, 
5 the gate pulse train (of a frequency f g ) with a 

repetition frequency f Q are branched into N channels 
by a splitter 602, and provided to couplers 604-1 to 

604- N via delay circuits 603-1 to 603-N that delay 
signals by At per bit. The couplers 604-1 to 604-N 

10 combine multiplexed signals and gate light pulses, and 
provide them to the cross -correlation signal generator 

605- 1 to 605-N. 

FIG. 12 is a diagram illustrating the relations 
between the multiplexed signals and the gate light 

15 pulse train provided to the cross -correlation signal 
generators 605-1 to 605-N. Because the gate pulses are 
shifted by one bit (At), the light signal of channel 1 
and a gate light pulse are overlapped in the cross- 
correlation signal generator 605-1; the light signal 

20 of channel 2 and a gate light pulse are overlapped in 
the cross-correlation signal generator 605-2, and the 
same in the rest channels. As a result, the cross- 
correlation signal generators 605-1 to 605-N provide 
cross -correlation signals for the individual channels. 

25 The cross -correlation signals of the individual 

channels are separated by optical filters 606-1 to 

606 - N at a time. In this way, the multiplexed signals 
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of N channels can be separated at a time . 

In the cross-correlation signal generator 605, a 
four-wave-mixing (FWM) semiconductor amplifier, XGM 
semiconductor amplifier, XAM type amplifier, SFG of a 
5 secondary nonlinear optical material, and DFG of a 
secondary nonlinear optical material may be used so 
that the optical filters 606 separate the light 
signals corresponding to the individual cross - 
correlation signal generators. 

10 FIG. 13 shows the circuit diagram of the fourth 

example of the optical time-division-demultiplexing 
unit. This optical time-division-demultiplexing unit 
separates the 160Gbit/s multiplexed light signals into 
20Gbit/s x 8 channels, with a multiplexing degree N=8. 

15 The optical time-division-demultiplexing unit 101(201) 
comprises splitters 701, 702, light waveguides 707, 
708 equivalent to light delay circuits, couplers 704, 
cross-correlation signal generators 705 and filters 
706, all integrated on a substrate 700. 

20 The function of the delay circuits 603-1 to 603-8 

shown in FIG. 11 is realized in this example by 
changing the light path length of each of the 
waveguides 708-1 to 708-8 to which the splitter 702 
and the couplers 704-1 to 704-8 are connected. The 

25 path lengths of the waveguides 707-1 to 707-8 to which 
the splitter 701 and couplers 704-1 to 704-8 are 
connected are set equal to each other. Then the timing 
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to combine the gate light pulse and time-division 
multiplexed light signal is determined with high 
precision. 

In this example, delay interval is decremented by 
5 At in the order from 708-1 to 708-8 in the light 

waveguides . Although the path length of the waveguide 
707-1 differs from that of 708-1, the signal input 
timing is controlled so that the light signal of 
channel 1 and the gate light pulse overlap each other 
10 on the time axis in the cross -correlation signal 

generator 705-1. As a result, the light signals and 
gate pulses of channels 2-8 are overlapped on the time 
axis in the cross -correlation signal generator 705-2 
to 705-8. 

15 

(Fifth example of the optical time-division- 
demultiplexing unit) 

FIG. 14 shows a fifth example of the optical time- 
division-demultiplexing unit, demonstrating an example 

20 of the batch type multi-output signal demultiplexing 
method. The multiplexed light signals (of a frequency 
f s ) of a bit rate N*f Q in which N channels of light 
signals are multiplexed over time are branched into N 
channels by a splitter 601 and then provided to 

25 couplers 604-1 to 604-N via delay circuits 607-1 to 

607 -N that produce a delay At/ 2 per 1/2 bit. Meanwhile, 
the gate pulse train (of a frequency f g ) with a 
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repetition frequency f 0 are branched into N channels 
by a splitter 602, and provided to couplers 604-1 to 
604-N via the delay circuits 608-1 to 608-N that delay 
signals by -At/2 per l/2bit in the reverse direction. 
5 The couplers 604-1 to 604-N combine multiplexed 

signals and gate light pulses and provide them to the 
cross-correlation signal generator 605-1 to 605-N. 

FIG. 15 is a diagram illustrating the relations 
between the multiplexed signals and the gate light 

10 pulse train provided to the cross -correlation signal 
generators 605-1 to 605-N. Because the multiplexed 
signals and gate pulses are shifted by one bit (At), 
the light signal of channel 1 and a gate light pulse 
are overlapped in the cross -correlation signal 

15 generator 605-1; the light signal of channel 2 and a 
gate light pulse are overlapped in the cross - 
correlation signal generator 605-2, and the same in 
the rest channels. As a result, the cross-correlation 
signal generators 605-1 to 605-N provide cross- 

20 correlation signals for the individual channels. The 
cross -correlation signals of the individual channels 
are separated by optical filters 606-1 to 606 -N at a 
time* In this way, the multiplexed signals of N 
channels can be separated at a time. 

25 In the cross-correlation signal generator 605, a 

four- wave -mixing (FWM) semiconductor amplifier, XGM 
semiconductor amplifier, XAM type amplifier, SFG of a 
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secondary nonlinear optical material, and DFG of a 
secondary nonlinear optical material may be used, so 
that the optical filters 606 separate the light 
signals corresponding to the individual cross - 
5 correlation signal generators. 

FIG. 16 shows the circuit diagram of the fifth 
example of the optical time-division-demultiplexing 
unit. This optical time-division-demultiplexing unit 
separates the 160Gbit/s multiplexed light signals into 

10 20Gbit/s x 8 channels, with a multiplexing degree N=8. 
The optical time-division-demultiplexing unit 101(201) 
comprises splitters 701, 702, light waveguides 707, 
708 equivalent to light delay circuits, couplers 704, 
cross-correlation signal generators 705 and filters 

15 706, all integrated on a substrate 700. 

The function of the delay circuits 607-1 to 607-8 
shown in FIG. 14 is realized in this example by 
changing the light path length of each of the 
waveguides 707-1 to 707-8 to which the splitter 701 

20 and the couplers 704-1 to 704-8 are connected. The 

function of the delay circuits 608-1 to 608-8 shown in 
FIG. 14 is realized by changing the light path length 
of each of the waveguides 708-1 to 708-8 that connect 
the splitter 702 and the couplers 704-1 to 704-8. Then 

25 the timing to combine the gate light pulse and time- 
division multiplexed light signal is determined with 
high precision. 
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In this embodiment, delay interval is incremented 
by At/2 in the order from 707-1 to 707-8 in the 
waveguides, while decremented by At/2 in the order 
from 708-1 to 708-8. Although the path length of the 
5 waveguide 707-1 differs from that of 708-1, the signal 
input timing is controlled so that the light signal of 
channel 1 and the gate light pulse overlap each other 
on the time axis in the cross -correlation signal 
generator 705-1. As a result, the light signals and 
10 gate pulses of channels 2-8 are overlapped on the time 
axis in the cross-correlation signal generator 705-2 
to 705-8. 

As described in the third, fourth and fifth 
examples of the optical time-division-demultiplexing 

15 unit, the assist light (CW light) unit for reducing 
the pattern effect and optical couplers that combines 
multiplexed signals and gate light pulses can be 
integrated in the substrate 700. The substrate 700 may 
be a quartz substrate, semiconductor substrate or 

20 ceramic substrate, on which quartz waveguides, 

semiconductor waveguides or ceramic waveguides may be 
formed. By forming the cross-correlation signal 
generator so as to be independent of polarity, 
fluctuations due to polarity difference between 

25 multiplexed signals and gate light pulses can be 
removed. 
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Next described is the way of extracting channels. 
Channels can be distinguished from each other by 

(1) dividing the time -division multiplexed light 
signals into N channels, converting the light signal 

5 in one or more channels into electric signal, and 

reading data from the converted electric signal; or by 

(2) overlapping a sub-carrier on part of the channels, 
transmitting all marks or conducting dispersion- 
multiplexing or code-division-multiplexing to 

10 recognize the sub-carrier, mark ratio or dispersion- 
multiplexed or code-division multiplexed signals. 

Channel control is implemented by shifting the 
timing of multiplexed signals from that of gate light 
pulses used for signal demultiplexing sequence. The 

15 function of branching light signals and gate light 
pulses into N channels, providing different delay 
times for gating of different bit data can be 
incorporated in the PLG waveguide and semiconductor 
waveguide. The order of channel numbers for signal 

20 demultiplexing sequence can be uniquely decided by 
such a waveguide. If the timing of gate light pulses 
is shifted from that of light signals, the channel 
order corresponding to the output ports changes 
accordingly. Thus the channels for signal 

25 demultiplexing sequence can be controlled. 

The third, fourth and fifth examples have been 
adopted in the first and second embodiments. If the 
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delay times given by the delay circuits 603-1 to 603 -N 
are made irregular, they can also be used in the third 
embodiment . 

5 (Example of the irregular- intervals optical time- 
division -multiplexed signal generator) 

FIG. 17 shows an example of the irregular- 
intervals optical time-division-multiplexed signal 
generator. The irregular- intervals optical time- 
10 division-multiplexed signal generator 306 conducts 

signal multiplexing by giving irregular intervals to 
multiplexed bit data of N channels . With At x the 
interval between channel 1 and channel 2 , At 2 that 
between channel 2 and channel 3, At 3 that between 
15 channel 3 and channel 4 , and At N _! that between channel 
N-l and channel N; 
tsend =£ l/(Nf c ) 

At!+At 2 + . . . +At N _i+At N = l/f Q . 

At is decided so that at least one combination of i 
20 and j meets the requirement At±(i=l, 2, . .., N) ^ 

At-jfj^l, 2, . .., N)(i#j) in the invention. 

In other words, at least one bit interval is 

different from the others during signal multiplexing. 

FIG. 18 is a timing chart schematically illustrating 
25 the time -division-multiplexing, in which the timing 

chart meeting a requirement Ati<At 2 < . . . < At N - x <At N is 

shown as an example. In this example, generation of 
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signals correlated with light signals of a bit rate f Q 
is described as a method of optical modulation. 
However, another modulation method that modulates 
light pulses with electric signals of a bit rate f Q 
5 can be employed. The optical signal demultiplexing 

unit 301 can demultiplex the signals generated by the 
irregular- intervals time -division-multiplexing and 
provide the demultiplexed signals to all the output 
ports at a time . 
10 Alternatively, the time intervals may be 

controlled to meet At ± (i=l, 2, . . . , N) ^ Atj(j=i+1 or 
j = i-l), At N+1 =At 1# At-i=At N . 

(Sixth example of the optical time-division - 

15 demultiplexing unit) 

FIG. 19 shows a sixth example of the optical time- 
division optical time-division-demultiplexing unit , 
illustrating the structure of an optical time- 
division-demultiplexing unit 301 applicable to 

20 irregular- intervals time-division multiplexed signals. 
This has the same structure as that of FIG. 8, and the 
delay times are set in the delay circuits 609-1 to 
609 -N, corresponding to the bit intervals in the 
irregular- intervals time-division multiplexed signals. 

25 FIG. 20 is a diagram illustrating the relations 

between the multiplexed signals and the gate light 
pulse train provided to the cross -correlation signal 
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generators 605-1 to 605-N. The irregular- intervals 
multiplexed signals are branched by the splitter 601 
into N channels, and they are given predetermined 
delays in the delay circuits 609-1 to 609 -N. On the 
5 other hand, the gate light pulses are branched by the 
splitter 602 into N channels and provided with no 
delay to the optical couplers 604-1 to 604 -N. The 
couplers 604-1 to 604-N couple the multiplexed signals 
and gate light pulses at the timing shown in FIG. 20. 

10 The cross-correlation signal generators 605-1 to 605-N 
provide cross -correlation signals to the individual 
channels at the same time. The cross-correlation 
signals are separated by the optical filters 606-1 to 
606 -N at a time, and the multiplexed signals of N 

15 channels can be separated and provided to output ports 
at a time. 

Because the irregular- intervals time-division 
multiplexed signals are delayed so that they can be 
separated at a time, the output ports of the optical 

20 signal demultiplexing unit does not provide outputs 

for all the N channels if the timing of coupling with 
the gate light pulses differs from the prescribed one. 
This is because such a timing shift makes the signals 
of the entire channels shift by the same amount. In 

25 other words, at least one port of the N ports of the 
optical signal demultiplexing unit 301 does not 
provide output. The timing of coupling with the gate 
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light pulses is shifted by one channel at a time, 
while the outputs from the ports of the signal 
demultiplexing unit are monitored. Then at a certain 
coupling timing, all the output ports receive 
5 demultiplexed signals at the same time. 

In the optical signal demultiplexing unit of 
FIG. 19, the delay circuits are connected to the 
splitter 601 like the case of FIG. 8. However, the 
delay circuit may be connected to the splitter 602 as 
10 is the case with FIG. 11, or otherwise, as is the 

example of FIG. 14, the delay circuits may be connected 
to both splitters 601, 602 to separate signals in 
different channels . 

The present invention has been described in 

15 detail with respect to preferred embodiments, and it 
will now be apparent from the foregoing to those 
skilled in the art that changes and modifications may 
be made without departing from the invention in its 
broader aspect, and it is the intention, therefore, in 

20 the apparent claims to cover all such changes and 
modifications as fall within the true spirit of the 
invention . 
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